We performed some experiments to investigate the temporal and spatial details of the dorsal induction exerted by dorsal vegetal cells in Xenopus embryo. Two dorsal vegetal cells (D1 cells) were transplanted into the ventral vegetal region of a recipient at the 32-cell stage. At various times after transplantation, the ventral animal-equatorial part was explanted and cultured. The explants isolated 5.5 h after transplantation (time 5.5) elongated and formed somites. In RT±PCR analysis, the expression of dorsal gene, chordin was activated in the explants isolated after time 4.0 (about the 4000-cell stage which corresponds to the mid blastula transition (MBT)) at control stage 10. In another series of experiments, ventral animal-equatorial and dorsal vegetal parts were isolated from the 4000-cell stage embryos and they were combined for 2.0±2.5 h. These ventral animal-equatorial explants elongated and formed somites. The chordin expression was also observed in the explants. But the 32-and 256-cell stage dorsal vegetal cells failed to exert the dorsalizing activity within the 2.0±2.5 h of the conjugation. These results suggest that 2 h contact after MBT is necessary and suf®cient for the dorsal induction from the dorsal vegetal cells and it occurs as a result of the zygotic gene expression. Consistent with this idea, the zygotic dorsal genes, siamois and chordin were expressed on the upper regions of the transplanted D1 descendants at stage 10. Furthermore, this region began to gastrulate when the D1 cell was transplanted with upside-down orientation. Our data indicate that the upper region of the D1 descendants by itself act as the Spemann organizer rather than the Nieuwkoop center. q
Introduction
The term Spemann organizer owes its origin to the work of Spemann and Mangold (1924) who found that the dorsal equatorial cells in the amphibian early gastrula organize the axial structures. Most of the dorsal equatorial cells differentiate into the dorsal axial mesoderm. Based on animal/ vegetal combination experiments, Nieuwkoop (1969) proposed that the dorsal axial mesoderm is induced by the underlying endodermal cells during the cleavage period (reviewed in Kessler and Melton, 1994) . This induction process is believed to be necessary for the formation of the Spemann organizer. Taken together, the following two lines of evidence support the conclusion that the Spemann organizer is induced by the vegetally located cells (called the Nieuwkoop center) which develop into the endodermal tissue.
(1) The future organizer region explanted at the 32-cell stage (C1 cells, see Fig. 1 ) was reported not to form the dorsal axial mesoderm (Nakamura et al., 1970) . (2) The dorsal vegetal cells underlying the future organizer region of the 32-cell stage embryos (D1 cells, see Fig. 1 ) displayed axis inducing activity when transplanted into the ventral vegetal position (Gimlich and Gerhart, 1984) or combined with the animal blastomeres (Dale and Slack, 1987) , whereas the D1 descendants themselves never differentiated into the dorsal axial mesoderm (Gimlich and Gerhart, 1984) .
In recent years, mesoderm induction has been thought to occur through two distinct pathways, dorsal induction (sometimes called competence modi®cation) and general mesoderm induction (Kimelman et al., 1992; Harland and Gerhart, 1997) . The present study addresses the nature of the signals for the dorsal induction. To avoid possible confusion with the terminology used in this paper, we would like to de®ne our understanding of the`dorsal induction'. The dorsal induction is shown in the responding tissue by the formation of dorsal speci®c structures such as notochord, somites and neural tube or by the dorsal speci®c gene expression such as siamois, chordin and goosecoid. The dorsal induction occurs speci®cally in the dorsal sector in normal development.
Although it is widely accepted that the organizer is induced by the vegetally located cells during the cleavage period, several studies have shown that the dorsal equatorial cells at the 32-cell stage already has autonomous dorsalizing activity. When the D-tier of 32-cell stage Xenopus embryos was deleted, the remaining part developed dorsal axis (Nakamura and Takasaki, 1971) . The C1 cells transplanted into the C4 position made a large secondary axis (Gimlich, 1986; Kageura, 1990) . This localization of autonomous dorsalizing activity in the future organizer region has been suggested to be the result of cytoplasmic determinants inherited by the dorsal equatorial cells (Sakai, 1996; Heasman, 1997; Kageura, 1997; Laurent et al., 1997) . The injection of dorsal sub-equatorial but not dorsal vegetal cytoplasm in the late 1-to 16-cell stage embryos produced the ectopic dorsal axis in a recipient (Yuge et al., 1990; Fujisue et al., 1993) . If the vegetal region is deleted from the egg before cortical rotation, a movement of the cytoplasm necessary for the axis formation (Vincent et al., 1986; Gerhart et al., 1989) , the dorsal axis will not form (Kikkawa et al., 1996; Sakai, 1996) . After rotation, deletion of the vegetal region had little effect on dorsal axis formation (Sakai, 1996) . Before rotation, the vegetal pole cytoplasm (Sakai, 1996) and vegetal pole cortex (Kageura, 1997) have dorsalizing activity when transplanted into the equatorial region of the embryo. In spite of these results indicating autonomous dorsalizing activity, the D1 transplantation experiments support the idea that the dorsal induction from the D1 descendants occur in the innate embryos and may play some role for the dorsal axis formation.
The timing of the dorsal induction from the dorsal vegetal cells has been studied by recombination experiments. Heterochromic recombination experiments by Jones and Woodland (1987) have been considered to show evidence for the cleavage stage induction (Gilbert, 1997) . Inconsistent with the idea of cleavage stage induction, Gurdon et al. (1985) reported that periods of conjugation of the stage 8 vegetal and animal cells as long as 2.5 h are necessary for the activation of cardiac actin genes. Using a short period of contact (1 h) of the vegetal and animal cells, Wylie et al. (1996) found that the dorsal mesoderm marker, MyoD, was expressed in the stage 9 animal cells when they were combined with stage 9 vegetal cells but not stage 7 vegetal cells.
Although the results of these experiments indicate that animal cells accept the inducing signal from vegetal cells after the mid-blastula transition (MBT) stage, there seem to be several problems. The animal cells were used as the recipients of induction in these studies; however, the animal cells seem not to be direct target for the dorsal induction from the dorsal vegetal cells in normal development. In addition, it should be noted that the dorsal animal cells have some dorsal information before the organizer formation (Sokol and Melton, 1991) . Further, vegetal pole cells were used as the inducing tissue. It is worth noting that the vegetal pole cells did not have a dorsalizing activity when the competent cells were of ventral equatorial cells (Darras et al., 1997) . The observed induction in the previous studies may be general mesodermal induction but not dorsal induction.
To resolve these problems, it seems important to use more direct inducing and responding tissues. Hence, we used the D1 cells as dorsal inducing tissue and transplanted them into the D4 position where the transplanted D1 descendants made contact with the ventral equatorial cells (C4 descendants). The ventral animal-equatorial regions were isolated at various times from the D1-transplanted embryos. We presume that if the dorsal induction occurs prior to the time of explantation, the explants must have acquired dorsal characteristics. The results described below indicate that the dorsal induction occurs after the MBT stage as a result of dorsal-type gene expression by the D1 descendants.
Results
At ®rst, we repeated the D1 implantation experiment to check the success of transplantation. Two D1 cells were transplanted into the ventral vegetal region (D4 position) at the 32-cell stage (Fig. 2) . At stage 10, secondary blastopore lips were usually observed just above the host/transplant boundary (Fig. 3A±D) . The appearance of these secondary blastopores was precocious compared to the non-dorsal equatorial region where the blastopores formed 1 h later. This precocious blastopore formation was the ®rst visible sign of induction. At control stage 25, 89% of the recipients showed two axis lines ( Fig. 3E ; Table 1 ) and 68% of the secondary axis had a cement gland, an anterodorsal marker (arrowheads in Fig. 3E ; Table 1 ). The relative length of the secondary axis was 0.8 on average.
2.1. Short-term conjugation during the cleavage stages with the D1 descendants did not induce the dorsal structure in the ventral animal-equatorial explants
We tested whether the dorsal induction from the transplanted D1 descendants to the ventral animal-equatorial cells could occur during short-term conjugation times. First, the ventral animal-equatorial region (being roughly equivalent to the progeny of A3, A4, B3, B4, C3 and C4 cells of the 32-cell stage embryo) was explanted at time 1.0± 1.5 (1.0±1.5 h after D1 transplantation). The resulting embryoids never formed dorsal structures. Furthermore, conjugation up to time 4.5 had no effect on dorsal axis formation (Fig. 4A±C ,F±H,K±M; Table 2 ). To eliminate the possibility that the observed lack of dorsal structure was due to the harmful effect of the operation, positive control experiments were performed in which two D1 blastomeres were transplanted into the orthotopic position and the dorsal animal-equatorial part was dissected at time 1.0±1.5. These explants elongated and formed dorsal structures (Table 2) .
Long-term conjugation up to the MBT stage with the D1 descendants induced dorsal structure in the ventral animalequatorial explants
To obtain evidence in support of dorsal induction in our transplantation±explantation experiments, the ventral animal-equatorial region of a recipient was isolated at later stages of development. In contrast to short-term conjugation, long-term conjugation apparently dorsalized the ventral region of the recipient. Most of the time 5.5±6.0 explants formed somites (9/10) although overall elongation occurred at a low frequency (3/10: Fig. 4D ). Longer conjugation revealed a more conspicuous effect: all of the stage 10 explants (7 h of conjugation) elongated and formed somites (6/6: Fig. 4E ,J,O; Table 2 ). Some explants formed a neural plate (2/6) and even a cement gland (3/6).
The dorsalization (gross elongation, and the formation of somites and a cement gland) was observed only in the explants from the D1-transplanted embryos (Table 2 ), but not from the D4 transplanted embryos ( Fig. 4P ,Q; Table 2 ). These results show that the observed dorsalization of the ventral animal-equatorial explants comes from the transplanted D1 descendants during conjugation periods, but not from the host dorsal sector during conjugation periods.
Dorsal-type gene expression in the D1-induced ventral explants assayed by RT±PCR analysis
We next investigated for the expression of dorsal-type genes, siamois and chordin, and the panmesodermal marker gene, Xbra in the ventral animal-equatorial transplant± explants using reverse transcription±polymerase chain reaction (RT±PCR) (Fig. 5) . The explants were isolated at time 2.5±3.0, 4.0±4.5 and 5.5±6.0 and at stage 10. The RNA was extracted when the explants reached control stage 10. The expression of chordin was activated in explants made later than time 4.0, suggesting that the dorsal induction from the D1 descendants occurs approximately 4 h after transplantation (the 4000-cell stage). This stage corresponds to the start of zygotic gene expression and is known as the mid-blastula transition (MBT) (Newport and Kirschner, 1982) . Interestingly, the expression of siamois was not found in any of the explants. Xbra was expressed in all of the samples, but a Two D1, One D1: two D1 cells or one D1 cell were transplanted into D4 position of a recipient. One D1 upside down: one D1 cell was transplanted into D4 position with animal±vegetal axis of the D1 cell reversed to that of a recipient. a D1±D4: two D1 cells were transplanted into D4 position of a recipient and ventral animal-equatorial region was explanted. D4±D4: two D4 cells were transplanted into D4 position of a recipient and ventral animal-equatorial region was explanted. D1±D1: two D1 cells were transplanted into D1 position of a recipient and dorsal animal-equatorial region was explanted. b A time scale in which transplantation is taken to be time 0.0 (h). GS, the onset of the gastrulation.
activation of Xbra was seen only in samples conjugated for more than 5.5 h.
Short-term conjugation after the MBT stage with dorsal vegetal cells induced dorsal structure in the ventral animalequatorial explants
Since long-term but not short-term conjugation of the dorsal vegetal cells with ventral animal-equatorial cells was effective in dorsalizing the ventral animal-equatorial cells, we assumed that the dorsal signal passes through only after the MBT stage. However, from these experiments, we could not rule out the possibility that for the dorsalization of the ventral region, accumulative dorsalizing effects exceeding over 4 h are necessary. In other words, the dorsalizing effect may start immediately after transplantation of the D1 cells but does not reach the necessary threshold level until after the MBT stage. The dorsal induction after the MBT stage for a short period may not be suf®cient for the dorsal induction. To investigate whether the shortterm conjugation after the MBT stage is effective, we performed another series of conjugation±explantation experiments.
Ventral animal and equatorial regions (ventral half of the blastocoel roof) were isolated from the 4000-cell stage normal embryo (4000 VAE) (Fig. 6) . The 4000 VAEexplants were combined with the dorsal vegetal cells from the 32-, 256-or 4000-cell stage embryo (32 DV, 256 DV and 4000 DV). At 1.0±1.5 or 2.0±2.5 h after conjugation, 4000 VAE parts were isolated from the DV parts and cultured (Fig. 6A) . The 4000 VAE-explants which were combined with the 4000 DV for 2.0±2.5 h elongated and formed somites (6/7, Fig. 6C,H,M) . The 4000 VAEexplants, combined with the 4000 DV for 1.0±1.5 h (Fig.  6B ,G,L) and with the 32 DV (Fig. 6D,I ,N) or 256 DV (Fig.  6E ,J,O) for 2.0±2.5 h had no dorsal structure (n 10, 10 and 9). Consistent with the morphological analysis, the expression of chordin was only detected in the 4000 VAE-explants which were combined with the 4000 DV for 2.0±2.5 h (Fig. 7) . Thus the short-term (2.0±2.5 h) conjugation after the MBT stage was suf®cient for the dorsal induction from the dorsal vegetal cells.
Dorsal-type gene expression in the D1 descendants
Our results presented above suggested that the dorsal induction from the dorsal vegetal cells occurs through the dorsal-type gene expression in the dorsal vegetal cells. To examine this possibility, the D1-transplanted embryos were examined for siamois and chordin expression by wholemount in situ hybridization. At stage 10, siamois and chordin expression in the labeled D1 descendants was observed though the expression were somewhat faint as compared to the expression in the original dorsal cells (Fig. 8A,B,D,E) . In the original dorsal side of the recipients, siamois was expressed over a wide area extending from the upper dorsal lip to the subblastoporal region (6/6), whereas chordin expression was restricted to the dorsal lip region (6/6). At stage 10.5 chordin was heavily expressed in the original ventral equatorial cells overlaying the transplanted D1 descendants, con®rming that the dorsal induction from the D1 descendants had occurred by this stage (4/4: Fig.  8C,F) .
We also examined whether siamois and chordin were expressed in isolated explants. At the 32-cell stage, the Dtier (D1, D2, D3 and D4 cells), the dorsal animal-equatorial region (A1, A2, B1, B2, C1 and C2 cells) and the ventral animal-equatorial region (A3, A4, B3, B4, C3 and C4 cells) were isolated. At control stage 10, the expression of siamois and chordin was detected in explants from the D-tier (n 5: Fig. 8G,J) and the dorsal animal-equatorial region (n 5: Fig. 8H,K) but not in explants from the ventral animalequatorial region (n 5: Fig. 8I,L) . In all the D-tier explants examined, siamois and chordin were expressed in the animal side where the bottle cell formation was observed.
2.6. The frequency of secondary axis formation decreased when a D1 cell was transplanted into the D4 position in an upside-down orientation.
In the in situ hybridization experiments described above, the expression of siamois and chordin in the transplanted D1 descendants was restricted to the upper regions. Therefore, it is likely that dorsalizing activity is restricted to the same part of the D1 cell. To examine this idea, one D1 cell was transplanted into the D4 position in an upside-down orientation ( Fig. 3F±H ; Table 1 ). In 16/24 cases, the recipients failed to form a secondary axis while only 3/23 recipients with one D1 cell transplanted into the D4 position in a normal orientation failed to form a secondary axis ( Fig.  3H ; Table 1 ). Furthermore, most of the secondary axis resulting from an upside-down transplantation lacked cement glands (Table 1) . The bottle cells were formed in the vegetal region of the transplanted D1 descendants (original sub-equatorial region) at a somewhat later stage (stage 11, Fig. 3F,G) . These results support the idea that the dorsalizing activity in D1 cell is restricted to the upper region of the D1 cell.
Discussion
The mesoderm induction hypothesis (Slack et al., 1984; Smith, 1993) which proposes that the dorsal axial mesoderm is induced during the cleavage period by dorsal vegetal cells has been the subject of recent criticism (Sakai, 1996; Heasman, 1997; Kageura, 1997; Laurent et al., 1997) . We have shown previously that when the vegetal regions of late 1-cell embryos of Xenopus were deleted, invagination occurred from one point at the vegetal pole and the blastopore looked like a pit (Sakai, 1996) . In these embryos, the . Expression of siamois, chordin and Xbra in ventral animal-equatorial explants detected by RT±PCR. The ventral animal-equatorial region was isolated during 2.5±3.0, 4.0±4.5 and 5.5±6.0 h after transplantation and at the onset of the gastrulation from the D1-transplanted embryos and normal embryos. Explants were cultured until stage 10. siamois expression was not detected in all explants from any stage. chordin expression was activated in the explants isolated later than 4.0 h after transplantation. Xbra expression was activated in all explants isolated at any stage. Relative levels of expression were determined by comparing the signals obtained for chordin with those obtained for EF-1. D1-explant, explant from the D1-transplanted embryo; Normal-explant, explant from normal embryo; Embryo, whole embryo; GS, the onset of the gastrulation. more vegetal regions of the embryo did not exist but a complete dorsal axis usually formed suggesting that the dorsal vegetal region under the blastopore is unnecessary. In the present study, we explanted the dorsal animal-equatorial region (A1, A2, B1, B2, C1 and C2 cells) of 32-cell stage normal embryos. These explants formed dorsal structures (data not shown), showing the dispensability of the vegetal region in dorsal axis formation.
On the other hand, the dorsal vegetal cells, which by itself does not differentiate into the dorsal axial mesoderm, has dorsalizing activity (Gimlich and Gerhart, 1984) . As mentioned in the introduction there is a controversy on the role of the dorsal vegetal region for the dorsal axis formation.
Dorsal induction from the dorsal vegetal cells occurs after the MBT stage
In the present transplantation±explantation study, we could not detect any dorsalizing effect when the contact between the dorsal vegetal and ventral equatorial cells was not exceeding the MBT stage. Over 5.5 h (from the 32-cell stage) of contact with the dorsal vegetal cells were necessary for the ventral equatorial cells to form dorsal structures. Explants isolated earlier than this stage neither elongated nor made somites. The RT±PCR results suggested that the dorsal induction occurs earlier, after 4.0±4.5 h of contact. This is the time when zygotic genes start to be expressed. The present 4000-cell stage conjugation±explantation study showed that the short-term (2.0±2.5 h) contact of dorsal vegetal cells after the MBT stage was necessary and suf®cient to dorsalize the ventral animal-equatorial region. The dorsal vegetal cells before the MBT stage did not have this ability. These experiments ruled out the possibility that the continuous contact during the 32-cell to the MBT stage is necessary for the dorsal induction. Furthermore, the expression of the zygotic dorsal genes siamois and chordin in the transplanted D1 descendants strongly supports the idea that the dorsal induction occurs only after the MBT stage. It is very likely that the dorsal induction from the dorsal vegetal cells occurred through secreting factors, such as chordin products. Based on these results we conclude that the dorsal induction from dorsal vegetal cells occurs after the MBT stage.
Dorsal induction and general meso-endodermal induction
The present study has focused on dorsal induction. However, here we would like to discuss about another type of induction ± general meso-endodermal induction. This induction is thought to bestow the ectodermal region with the mesodermal property. In the present study, the recipient tissue could autonomously differentiate into the ventral type mesoderm (mesenchyme, see Fig. 4G,H) and Xbra was expressed in the recipient tissue (see Fig. 5 ), so that general meso-endodermal induction could not be detected.
Many of the studies on dorsal induction have been done with animal ectodermal cells as recipients. Many studies had shown that animal ectodermal cells contain a dorsal prepattern (Pierce and Brothers, 1988; Gallagher et al., 1991; Sokol and Melton, 1991; Kinoshita et al., 1993; Lamb and Harland, 1995) . Therefore, to detect dorsal signals, the responding tissue should not contain a dorsal prepattern. Previous studies using the animal cap responsive system indicated that`dorsal induction' comes from the vegetal cells after the MBT (Gurdon et al., 1985; Fig. 7 . Expression of chordin and Xbra in the 4000 VAE-explants, detected by RT±PCR. The ventral animal-equatorial region was isolated from the 4000-cell stage embryo and combined with dorsal vegetal cells isolated from the 4000-, 256-or 32-cell stage embryo (4000 DV, 256 DV and 32 DV). At 1.0±1.5 or 2.0±2.5 h after contact, the 4000 VAE descendants were isolated from the DV part and cultured until stage 10. chordin expression was only detected in the 4000 VAE-explant, which was conjugated for 2.0± 2.5 h with dorsal vegetal part from the 4000-cell stage embryo. Xbra expression was detected in all explants. 4000 DV 1 4000VAE (1.0±1.5): 4000 VAE-explant, conjugated with the 4000 DV for 1.0±1.5 h. 4000DV 1 4000VAE (2.0±2.5): 4000 VAE-explant, conjugated with the 4000 DV for 2.0±2.5 h. 256 DV 1 4000VAE (2.0±2.5): 4000 VAE-explant, conjugated with the 256 DV for 2.0±2.5 h. 32 DV 1 4000VAE (2.0±2.5): 4000 VAEexplant, conjugated with the 32 DV for 2.0±2.5 h. 4000VAE: 4000 VAEexplant isolated from the 4000-cell stage normal embryo. al., 1996) , suggesting that the observed induction may be of meso-endodermal origin. Darras et al. (1997) reported that the vegetal pole cells have no dorsalizing activity even when they overexpress siamois. In this case, the responding tissue was the ventral marginal zone, a region pertinent to the present study where the D1 cells were transplanted into the ventral vegetal region lying adjacent to the ventral marginal zone. Therefore, the present study should have been able to detect the true dorsal signal from the D1 descendants. In fact, transplantation of the ventral vegetal region had no dorsalizing effect in the present study.
In the present conjugation±explantation study, 1.0±1.5 and 2.0±2.5 h contact with the 4000-cell stage dorsal vegetal cells increased Xbra expression levels in the responding tissue compared with control tissue (ventral animal-equatorial cells from the 4000-cell normal embryo). Although these results suggest that the general meso-endodermal induction from the vegetal cells occurs at the MBT stage, we could not determine the exact timing of the general meso-endodermal induction because the ventral animal-equatorial cells of the 4000-cell stage normal embryo expressed low levels of Xbra. To detect the general meso-endodermal signals, the responding tissue should not contain the mesodermal prepattern.
The dorsal vegetal cells develop into the Spemann organizer
The mesoderm induction hypothesis assumes in early Xenopus development that there are two different signaling centers for dorsal axis formation: the Spemann organizer and the Nieuwkoop center. The Spemann organizer is de®ned by the inducing activities of the dorsal axis at the gastrula stage and by bottle cell formation (Keller and Winklbauer, 1992) . The Spemann organizer is thought to differentiate into the axial mesoderm. The Nieuwkoop center is thought to be located in the underlying region of the Spemann organizer although these two regions may share overlapping positions (Gerhart et al., 1991) . The Nieuwkoop center is proposed to release the dorsal signal to future region of the Spemann organizer during the cleavage stage.
D1 cells have been reported to differentiate into endoderm cells (Gimlich and Gerhart, 1984) and therefore have been thought not to be the Spemann organizer. However lineage marking in the organizer transplantation study revealed that the transplanted organizer developed not only into the mesoderm but also into the endoderm (Smith and Slack, 1983) . Furthermore, the most inductive cells in the gastrula are the super®cial cells of the dorsal equatorial region (Shih and Keller, 1992) , the normal fate of which is the endoderm (Keller, 1975 (Keller, , 1976 Smith and Malacinski, 1983) . Therefore the endodermal cells may be part of the Spemann organizer.
It seems likely that the D1 cells are suf®cient to confer organizer properties although they are destined for an endodermal fate. Our present results revealed that the inductive process in the dorsal region occurs after the MBT, i.e. after the start of gene expression. siamois and chordin were expressed in the upper region of the transplanted D1 descendants. Upside-down transplantation of the D1 cell showed that the dorsalizing activity is restricted to this region. Moreover, this region develops into bottle cells. Based on these results, we propose that the dorsal sub-equatorial cells develop directly into the Spemann organizer during the normal development of Xenopus.
Our results of in situ hybridization consistently revealed that siamois and chordin were expressed in the C1 and D1 descendants in the normal embryos and in the isolated explants. The expression of these genes in the isolated dorsal animal-equatorial explants also supports cell-autonomous development of the organizer region.
A new model for the formation of the Spemann organizer: cell-autonomous development of the Spemann organizer
Based on the present results, we propose a new model for the formation of the Spemann organizer (Fig. 9) , which adds some speci®c features to our previous one (Sakai, 1996) . The speci®c points of the present model are that (1) the organizer is proposed to include the upper cells of the dorsal vegetal region (D1 descendants) and that (2) dorsal induction is proposed to occur after the MBT stage.
At the onset of development, two speci®c regions for organizer development exist: the vegetal pole region (purple area in Fig. 9 ) which has speci®c factor(s) for dorsal speci®cation (the dorsal determinants: DDs) and the marginal zone (orange area) which can receive the DDs. During the ®rst cell cycle, cortical rotation transports the DDs along a meridian and the sector of the marginal zone, which receives the DDs and acquires the ability to develop into the Spemann organizer (green area). We think that the movement during the ®rst cell cycle is ef®cient enough to convey the DDs to the marginal zone because small endogenous organelles are transported from vegetal pole to the marginal zone at 608, while the cortex rotates only 308 . At the 32-cell stage, the D1 cells and C1 cells share the future organizer region. The D1 cells transplanted into the ventral vegetal position do not exert dorsal signals before the MBT stage. After the MBT stage, which coincides with the initiation of gene expression, the dorsal induction occurs probably through the secretion of dorsal factors such as chordin product.
To date, the molecule found to be localized in the dorsal region at the earliest stage is the b -catenin protein (Schneider et al., 1996; Larabell et al., 1997; Rowning et al., 1997) . Accumulation of the b-catenin protein in the nuclei of the dorsal side is obvious at 256-cell stage (Schneider et al., 1996) . Injection of b-catenin mRNA into the ventral region resulted in axis duplication, and b -catenin-depleted embryos failed to develop dorsal structures, but instead developed ventral structures resembling those of UVventralized embryos (Heasman et al., 1994) . b -Catenin bound to XTcf-3 localized in nuclei is thought to regulate the expression of siamois (Brannon et al., 1997) which is the earliest zygotic transcript in the dorsal region (Lemaire et al., 1995) . The DDs by themselves are suf®cient for b-catenin protein accumulation in the nucleus and for the transcription of siamois (Schneider et al., 1996; . However, b -catenin/Xtcf3 complex may not be suf®cient for the expression of the target genes of siamois such as chordin since the expression of siamois in the vegetal pole region is not suf®cient to give dorsal inducing properties to this region (Darras et al., 1997) .
The DDs±b -catenin/Xtcf3±siamois pathway is likely to act solely in a cell-autonomous manner. Since b-catenin accumulation in the nuclei occurs long before the MBT, the possible inductive process including b-catenin probably occurs before the MBT stage. If the DDs are involved in an inductive process that activates the expression of siamois (a direct target of the DDs-b -catenin/Xtcf3 pathway), siamois expression should be observed in the explanted ventral cells that have been in contact with the transplanted D1 cells. However, this was not the case in the present study. Moreover, Lemaire et al. (1995) revealed that the inductive process is not necessary for the expression of siamois. It is still possible that the DDs are involved in the inductive process for siamois expression in the limited domain of the embryo in which the DDs are inherited. However, we could not distinguish this type of induction from the cellautonomous effect of cytoplasmic determinants.
In normal development, siamois is expressed in the dorsal vegetal region, which is proposed to be, in position, the Nieuwkoop center (Lemaire et al., 1995) . Thus, the expression of siamois is thought to coincide with the formation of the Nieuwkoop center. However, the post-MBT expression of siamois made it dif®cult to de®ne this molecule as the Nieuwkoop center factor (Lemaire et al., 1995) since the Nieuwkoop center was thought to act before the MBT stage. Our present study revealed that there is no need for consideration about the Nieuwkoop center factor that works before the MBT stage. One may think that the expression of siamois in the sub-blastopore region of the embryo marks the presence of the Nieuwkoop center; however, it should act after the MBT stage. Although the transplanted D1 descendants could induce the overlying cells to the chordin expression (see Fig. 5 ), it should be noted that both siamois and chordin genes were expressed in the upper region of the transplanted D1 descendants (see Fig. 8 ). These observations support our cell-autonomous theory in the Spemann organizer formation.
Experimental procedures

Eggs and embryos
Xenopus eggs were inseminated in 10% modi®ed Steinberg's solution (MS: 100% MS consists of 58.2 mM NaCl, Fig. 9 . Our model for organizer formation, which takes into account the present results. Cortical rotation drives the vegetally localized dorsal determinants (DDs, purple) to a meridian where the primary dorsal axis forms. The marginal zone (orange) which receives the DDs acquires the dorsal character (green). This dorsal character may include the transportation of b-catenin into the nucleus, which leads to the transcription of siamois after MBT. At the 32-cell stage, the dorsal marginal zone is included in C1 and D1 blastomeres. Before MBT, dorsal induction does not occur. After MBT, dorsal induction, which may be driven by some diffusive factors such as chordin protein, enlarges the chordin expressing dorsal area. 0.67 mM KCl, 0.34 mM Ca(NO 3 ) 2 , 0.83 mM MgSO 4 and 3.0 mM Hepes±NaOH, pH 7.4). At the 32-cell stage, embryos were dejellied in 1% sodium thioglycolate (pH 9±10) and rinsed three times in 10% MS.
The embryos with a symmetrical pigmentation pattern and a regular cleavage pattern were selected. Selected embryos were transferred to an agar-coated plastic dish containing phosphate-buffered saline (PBS) at pH 7.4 and the vitelline membrane was removed with ®ne forceps. The nomenclature for blastomere designations at the 32-cell stage follows that of Nakamura and Kishiyama (1971) (Fig. 1). 
Blastomere transplantation
Cell transplantation at the 32-cell stage was done according to the method of Gimlich (1986) just before the embryo began the next (sixth) cleavage. To distinguish the transplant cells from the host cells in the later stages, donor embryos were stained with 0.05%Neutral red solution or the two D1 cells were injected with 4±6 nl of¯uorescein dextran amine (FDA, 10 mg/ml). After transplantation the medium was gradually changed from PBS to 10% MS. At control stage 25, the length of the secondary embryo was measured, using an ocular micrometer and was normalized to that of the primary axis.
Explantation of the ventral animal-equatorial cells
To examine whether the region above the transplanted D1 descendants was induced at a speci®c stage, the ventral animal-equatorial region (roughly equivalent to the descendants of A3, A4, B3, B4, C3 and C4) was isolated (Fig. 2) . The timing of explantation from the cell transplanted embryo was done on a time scale whose initial time point (0.0 h) corresponded to the time of the cell transplantation. The explantations were done at time 1.0±1.5, 2.5±3.0, 4.0± 4.5 and 5.5±6.0 and at the onset of gastrulation (stage 10: about time 7.0±7.5).
The experimental design is shown in Fig. 2A and two examples of operative procedures are shown in Fig. 2B±J . After the explantation, the medium was gradually changed to 100% MS (50 mg/ml gentamycin). The degree of formation of the blastopore lip and the neural plate, and the degree of elongation of the embryoids were scored after 2 days of culture. The formation of the cement gland, eyes and tail ®n were scored after 5 days of culture.
Whole-mount in situ hybridization
